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(3) A method for fabricating an AIGalnP semiconductor light emitting device. 



) A method for fabricating an AIGalnP semicon- 
ductor light emitting device having substrate (1) 
and a multilayer structure including an AIGalnP 
first semiconductor layer (7) formed on the 
substrate. The method comprises the steps of 
removing part of the multilayer structure so that 
the first semiconductor (7) is exposed, irradiat- 
ing with plasma beams an oxide film (12) for- 
med on the exposed first exposed layer (7) with 
the substrate temperature being kept at 500°C 
or less, so as to remove the oxide film (12) form 
the first semiconductor layer (7) and growing a 
second semiconductor layer (11) on the first 
semiconductor layer (7). 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a method for fab- 5 
ricating an AIGalnP semiconductor light emitting de- 
vice, and more particularly, to a method for fabricat- 
ing an AIGalnP semiconductor light emitting device 
with high crystal quality and high reliability. 

10 

2. Description of the Related Art 

In recent years, semiconductor light emitting de- 
vices, which have the advantages of compactness, 
high output, and low cost, have found applications in 15 
various fields. A semiconductor laser device, among 
others, has been used as a light source for industrial 
machines as well as for household apparatus. Espe- 
cially, the semiconductor laser device has made rapid 
progress in its application to the field of optical disk 20 
units and optical telecommunication. 

A semiconductor light emitting device using an AI- 
GalnP crystal, for example, can emit light with a wa- 
velength of 680 nm or less. The wavelength range of 
the light emitted from this semiconductor light emit- 25 
ting device is shifted toward the shorter wavelengths 
by 100 nm or more compared with that of a conven- 
tional semiconductor light emitting device using an AJ- 
GaAs crystal. Therefore, by using the AIGalnP semi- 
conductor laser device, the storage density of an opt- 30 
ical disk unit and the like has been improved. The AI- 
GalnP semiconductor laser device can also be used 
in place of a conventional He-Ne laser for apparatus- 
es such as a laser printer and an optical measuring 
device, whereby such apparatuses can be made 35 
small and lightweight, and be driven with reduced 
power consumption. 

In a semiconductor laser device, a waveguide is 
generally formed for confining light emitted from an 
active layer thereof laterally so as to obtain a stable 40 
lateral mode. One example of such a semiconductor 
laser device is a refractive index waveguide type sem- 
iconductor laser device, in which a stripe-shaped 
mesa portion is formed above the active layer and 
current confining layers having lig ht absorption prop- 45 
erties are formed on both sides of the mesa portion. 

A conventional method for fabricating a semicon- 
ductor laser device provided with the mesa portion 
will be described as follows: 

As shown in Figure 2a, an n-type GaAs buffer lay- so 
er 22, an n-type AIGalnP cladding layer 23, a GalnP 
active layer 24, a second p-type AIGalnP cladding lay- 
er 25, a GalnP etching stop layer 26, a first p-type AI- 
GalnP cladding layer 27, a p-type GalnP intermediate 
layer 28, and a p-type GaAs contact layer 29 are se- 55 
quentially formed on an n-type GaAs substrate 21 in 
this order. Each of these layers is grown by, for exam- 
ple, molecular beam epitaxy. 



Then, as shown in Figure 2b, an Si0 2 film 30 is 
formed on the p-type GaAs contact layer 29 by sput- 
tering, and then patterned into a striped shape with a 
photoresist Using the Si0 2 f ilm 30 as a mask, the first 
p-type AIGalnP cladding layer 27, the p-type GalnP 
intermediate layer 28, and the p-type GaAs contact 
layer 29 are etched through until the surface of the 
GalnP etching stop layer 26 is exposed. Thus, a mesa 
portion in a striped shape is formed. The etching is 
conducted under normal atmospheric conditions. 

With this etching, as shown in Figure 2c, the ex- 
posed surface of the GalnP etching stop layer 26 and 
the side faces of the mesa portion are covered with 
an oxide film 32. Conventionally, the oxide fflm 32 is 
removed by exposing the n-type GaAs substrate 21 
with the aforementioned semiconductor multilayer 
structure formed thereon to a high temperature of ap- 
proximately 500°C to 600°C in a vacuum crystal 
growth chamber. 

As shown in Figure 2d, after the removal of the 
oxide film 32, an n-type GaAs current confining layer 
31 is grown by molecular beam epitaxy so that the 
mesa portion is buried therein. 

Then, as shown in Figure 2e, the portion of the 
n-type GaAs current confining layer 31 formed on the 
top surface of the mesa portion is removed together 
with the underlying Si0 2 film 30. Thereafter, electro- 
des (not shown) are formed on the top surface of the 
p-type GaAs contact layer 29 and on the back surface 
of the n-type GaAs substrate 21, respectively. The 
thus fabricated wafer is divided into individual AI- 
GalnP refractive index waveguide type semiconduc- 
tor laser devices. 

However, in an AIGalnP crystal, P or In escapes 
from the crystal face at a comparatively low temper- 
ature of approximately 500°C. According to the 
above-described method for fabricating a semicon- 
ductor laser device, the multilayer structure including 
the GalnP etching stop layer 26 is exposed to a high 
temperature of approximately 500°C to 600°C in the 
process of removing the oxide film 32 formed on the 
exposed surface of the GalnP etching stop layer 26 
and on the side faces of the mesa portion. As a result, 
P or In escapes from the exposed surface of the 
GalnP etching stop layer 26 and the side faces of the 
first p-type AIGalnP cladding layer 27 and the p-type 
GalnP intermediate layer 28. This causes alteration in 
compositions at the exposed surface of the multilayer 
structure. When another semiconductor layer is 
formed on such a surface, lattice matching at the in- 
terface therebetween can not be attained, whereby 
the reliability of the resultant semiconductor laser de- 
vice is reduced. 

SUMMARY OF THE INVENTION 

The method of the present invention for fabricat- 
ing an AIGalnP semiconductor light emitting device 
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having a substrate and a multilayer structure includ- 
ing an AIGalnP first semiconductor layer formed on 
the substrate comprises the steps of: removing part 
of the multilayer structure so that the first semicon- 
ductor layer is exposed; irradiating with plasma 5 
beams an oxide film formed on the exposed first sem- 
iconductor layer with the substrate temperature being 
kept at 500°C or less, so as to remove the oxide film 
from the first semiconductor layer; and growing a sec- 
ond semiconductor layer on the first semiconductor 10 
layer. 

According to the method of the present invention, 
the oxide layer formed on the semiconductor multi- 
layer structure including an AIGalnP semiconductor 
layer which has an exposed surface can be removed is 
without causing a substance contained in the ex- 
posed surface area of the semiconductor multilayer 
structure to escape from the semiconductor multilay- 
er structure. As a result, when another semiconductor 
layer is grown on the exposed semiconductor layer of 20 
the semiconductor multflayer structure, failure in lat- 
tice matching at the interface therebetween is pre- 
vented. 

Thus, the invention described herein makes pos- 
sible the advantage of providing a method for fabri- 25 
eating an AIGalnP semiconductor light emitting device 
with improved crystal quality and high reliability. 

These and other advantages of the present in- 
vention will become apparent to those skilled in the 
art upon reading and understanding the following de- 30 
tailed description with reference to the accompanying 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Figures 1a through 1e are partial sectional views 
showing the steps for fabricating an AIGalnP semi- 
conductor light emitting device according to a method 
of the present invention. 

Figures 2a through 2e are partial sectional views 40 
showing the steps for fabricating a conventional AI- 
GalnP semiconductor light emitting device. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 45 

Referring to Figures 1a through 1e, the method 
of the present invention will be described by way of 
example. In this example, a method for fabricating a 
refractive index waveguide type semiconductor laser 50 
device provided with a mesa portion will be descri- 
bed. 

As shown in Figure 1 a, an n-type GaAs buffer lay- 
er 2, an n-type AIGalnP cladding layer 3 (thickness: 
1 .0 jim), a GalnP active layer 4 (thickness: 80 nm), a 55 
second p-type AIGalnP cladding layer 5 (thickness: 
0.2 nm), a GalnP etching stop layer 6 (thickness: 8 
nm), a first p-type AIGalnP cladding layer 7 (thick- 



ness: 0.5 >im), a p-type GalnP intermediate layer 8 
(thickness: 50 nm), and a p-type GaAs contact layer 
9 are sequentially formed on a wafer n-type GaAs 
substrate 1 in this order. Each of these layers is grown 
by, for example, molecular beam epitaxy. 

Then, as shown in Figure 1b, an Si0 2 film 10 is 
formed on the p-type GaAs contact layer 9 by sput- 
tering, and then patterned into a striped shape with a 
photoresist Using t he Si0 2 film 10 as a mask, the first 
p-type AIGalnP cladding layer 7, the p-type GalnP in- 
termediate layer 8, and the p-type GaAs contact layer 
9 are etched through until the surface of the GalnP 
etching stop layer 6 is exposed. Thus, a mesa portion 
in a striped shape is formed. A saturated Br water 
(SBW) solution and a sulfuric acid heat-etching solu- 
tion may be used for the etching. An oxide film 12 is 
formed on the top surface of the GalnP etching stop 
layer 6 which has been exposed by the etching and 
on the side faces of the mesa portion. 

Then, as shown in Figure 1c, the wafer n-type 
GaAs substrate 1 with the aforementioned semicon- 
ductor multilayer structure formed thereon is heated 
to 450°C in a vacuum chamber, and then hydrogen 
plasma beams are radiated to the n-type GaAs sub- 
strate 1 from the side of the semiconductor multilayer 
structure as shown by arrow 40. By this radiation, the 
oxide film 12 can be removed without causing In or P 
to escape from the crystal face of the semiconductor 
layer covered with the oxide film 12. Thus, the crystal 
conditions on the exposed surface of the GalnP etch- 
ing stop layer 6 and on the side faces of the mesa por- 
tion are kept unchanged. It is known to clean a GaAs 
substrate by ECR-activated hydrogen-plasma beams 
prior to crystal growth thereon (Y. Tanaka et al., J. 
Appl. Phys., 64 (5), 1 September, 1988). However, it 
is not known to use the hydrogen plasma to remove 
an oxide film as described above. 

It is preferable to radiate As molecular beams si- 
multaneously with the plasma radiation, so as to ob- 
tain an As atmosphere of approximately 5 x 10~ 7 Torr 
in the vacuum chamber. In this way, by irradiating the 
crystal face to be cleaned with As molecular beams 
for increasing the pressure around the crystal face, 
the escape of P or In from the exposed crystal face 
can be effectively prevented. The conditions of the 
crystal face can be observed by monitoring an image 
thereof obtained by reflection high energy electron 
diffraction. In this example, the electron diffraction 
image showed a complete streak state in approxi- 
mately one hour, indicating that the oxide film 12 had 
been completely removed and the crystal face had 
been cleaned. 

As shown in Figure 1d, after the removal of the 
oxide film 12, an n-type GaAs current confining layer 
11 is grown by molecular beam epitaxy so that the 
mesa portion is buried therein. 

Then, as shown in Figure 1e, the portion of the 
n-type GaAs current confining layer 11 formed on the 
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top surface of the mesa portion is removed together 
with the underlying Si0 2 film 10. Thereafter, an Au- 
Zn electrode (not shown) is formed on the top surface 
of the p-type GaAs contact layer 9 and an Au-Ge-Ni 
electrode (not shown) is formed on the back surface s 
of the n-type GaAs substrate 1. The thus fabricated 
wafer is divided into individual AIGalnP refractive in- 
dex waveguide type semiconductor laser devices. 

The semiconductor laser device fabricated ac- 
cording to this example was observed with an elec- 10 
tron microscope. As a result, it was found that the con- 
ditions of the interfaces between the GalnP etching 
stop layer 6 and the n-type GaAs current confining 
layer 11 and between the mesa portion and the the 
n-type GaAs current confining layer 11 were excellent 15 
without any deterioration in crystals such as crystal 
defects. 

Oxygen or chlorine can also be used for the plas- 
ma radiation instead of hydrogen used in the above 
example, though hydrogen is preferable because it is 20 
highly reactive and can provide plasma with high pur- 
ity. P can be used for molecular beams radiated simul- 
taneously with the plasma radiation. The substrate 
was heated to 450°C in this example, but the cleaning 
can be completed in a shorter period of time by select- 25 
ing a higher temperature provided that it does not ex- 
ceed 500°C when In or P starts to escape from the 
crystal face. 

Other methods for growing semiconductor lay- 
ers, such as liquid phase epitaxy and metal organic- 30 
chemical vapor deposition can be employed besides 
the molecular beam epitaxy used in this example. 

The active layer 4 can be formed of AIGalnP, in- 
stead of GalnP. Also, the method of the present in- 
vention can be applicable to a semiconductor laser 35 
device having a light emitting region of a quantum well 
structure or a separate confinement heterostrucfcure. 

The method of the present invention is preferably 
used for fabricating a refractive index waveguide type 
semiconductor laser device provided with a mesa 40 
portion as shown in the above example. According to 
the method of the present invention, the current con- 
fining layer 11 required for this type of the semicon- 
ductor laser device can be formed without faflure in 
lattice matching, and thus the reliability of the resul- 45 
tant semiconductor laser device is enhanced. 

The present invention can be used as a method 
for fabricating all types of AIGalnP semiconductor 
light emitting devices, which involves a step of grow- 
ing a semiconductor layer on an exposed AIGalnP lay- so 
er. For example, this invention can be used as a meth- 
od for fabricating a semiconductor light emitting de- 
vice comprising the steps of forming a current confin- 
ing layer over a light emitting region formed on a sub- 
strate, removing part of the current confining layer to 55 
form a groove in a striped shape extending there- 
through, and filling the groove with semiconductor 
material to form a semiconductor layer. In this case, 



the same effect as stated in the above example can 
be obtained; an oxide film formed can be removed 
without causing a substance to escape from the sem- 
iconductor layer. Thus, a clean crystal face free from 
crystal defects can be obtained. 

The semiconductor light emitting device fabricat- 
ed according to the above example was compared 
with that fabricated according to the conventional 
method in which the oxide film was removed by ex- 
posure to a high temperature before the growth of the 
current confining layer. As a result, the former 
showed far better reliability than the latter. 

Various other modifications wDI be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this in- 
vention. Accordingly, it is not intended that the scope 
of the claims appended hereto be limited to the de- 
scription as set forth herein, but rather that the claims 
be broadly construed. 



Claims 

1. A method for fabricating an AIGalnP semiconduc- 
tor light emitting device having a substrate and a 
multilayer structure including an AIGalnP first 
semiconductorlayer formed on the substrate, the 
method comprising the steps of: 

removing part of the multilayer structure 
so that the first semiconductor layer is exposed; 

irradiating with plasma beams an oxide 
film formed on the exposed first semiconductor 
layer with the substrate temperature being kept 
at 500°C or less, so as to remove the oxide film 
from the first semiconductor layer; and 

growing a second semiconductor layer on 
the first semiconductor layer. 

2. A method according to claim 1, wherein molecu- 
lar beams selected from the group consisting of 
As molecular beams and P molecular beams are 
used to irradiate the oxide fflm simultaneously 
with the step of irradiating with plasma beams. 

3. A method according to claim 1, wherein the step 
of irradiating with plasma beams is conducted us- 
ing hydrogen. 

4. A method according to claim 1 , wherein the step 
of removing part of the multilayer structure is con- 
ducted so that a mesa portion in a striped shape 
is formed. 
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